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METHOD AND APPARATUS FOR ON-SITE
MIXING OF LIQUID DEICER

FIELD OF THE INVENTION

The present invention is directed to apparatuses and
methods for making deicing compositions, as well as to
deicer compositions made use the apparatuses or methods.
In particular, the invention is directed to apparatuses and
methods for making heated deicing compositions on-site at
locations where the deicer will be applied, and to such
heated deicing compositions.

BACKGROUND

Liquid deicer compositions are used for many applica-
tions, such as deicing roadways, bridges, machinery, airport
runways, and aircraft. One of the most important criteria for
some deicers, in particular those used in airport applications,
is that they be non-corrosive because they are used near
corrosion sensitive equipment. Today, modern airports in
temperate climates usually have deicing programs in place
that carefully deice runways. These deicing programs use
liquid deicers applied at ambient temperatures, often at or
below the freezing temperature of water. Although these
deicing systems are in place at most modern airports, a need
remains for improved deicing equipment and deicers. In
particular, a need remains for deicing equipment and meth-
ods that improves on existing equipment and methods.

SUMMARY OF THE INVENTION

The present invention is directed to an apparatus and
method for forming a heated liquid deicer. In one imple-
mentation of the invention the apparatus includes two ves-
sels configured and arranged for retaining deicer precursors:
one vessel with an acidic liquid and one with an alkaline
liquid. These liquids, when combined, undergo an exother-
mic reaction to produce a heated liquid deicer. For example,
acetic acid and potassium hydroxide can be mixed to pro-
duce heated potassium acetate, which is an effective liquid
deicer.

The apparatus generally includes a mixing vessel config-
ured and arranged for the mixing and exothermic reacting of
the acidic liquid and the alkaline liquid. The mixing vessel
has an input for the acidic liquid, an input for the alkaline
liquid, and an output for the heated reaction product of the
acidic liquid and alkaline liquid. This heated reaction prod-
uct is a heated liquid deicer. A liquid transfer mechanism in
communication with the first and second vessels is also
provided, and this mechanism is configured for the con-
trolled transfer of the acidic liquid and the alkaline liquid
into the mixing vessel.

The material formed using the apparatus and method is
referred to herein as a deicer composition. Generally, deicer
compositions are used to remove ice from a surface. How-
ever, the composition made in accordance with the invention
is also suitable for use as an anti-icer that is applied to a
surface before ice forms on it. The apparatus and method of
the invention can also be used to make a composition that is
applied before or after ice has formed. For the sake of
simplicity, both such uses of the composition are referred to
herein as a “deicer”, unless otherwise noted. Thus, deicers
referred to within this description can be used both to deice
a surface or as an anti-icer for preventing ice formation. In
addition, the composition can function as both a deicer and
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an anti-icer because it can be applied initially as a deicer, but
remaining material then functions as an anti-icer after exist-
ing ice has been removed.

The above summary of the present invention is not
intended to describe each discussed embodiment of the
present invention. This is the purpose of the detailed descrip-
tion that follows.

FIGURES

The invention will be more fully explained with reference
to the following drawings.

FIG. 1 is a simplified drawing of a vehicle on which a
system constructed and arranged in accordance with the
invention has been installed.

FIG. 2A is a general schematic diagram of a system
constructed and arranged in accordance with a first imple-
mentation of the invention.

FIG. 2B is a general schematic diagram of a system
constructed and arranged in accordance with a second
implementation of the invention.

FIG. 3A is a simplified drawing of a first mixing vessel
constructed and arranged in accordance with the invention.

FIG. 3B is a simplified drawing of a second mixing vessel
constructed and arranged in accordance with the invention.

FIG. 3C is a simplified drawing of a third mixing vessel
constructed and arranged in accordance with the invention.

FIG. 4A is a simplified drawing of a first mixing vessel
constructed and arranged in accordance with the invention.

FIG. 4B is a simplified drawing of a second mixing vessel
constructed and arranged in accordance with the invention.

FIG. 4C is a simplified drawing of a third mixing vessel
constructed and arranged in accordance with the invention.

While principles of the invention are amenable to various
modifications and alternative forms, specifics thereof have
been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that
the intention is not to limit the invention to the particular
embodiments described. On the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the disclosure and claims.

DETAILED DESCRIPTION

The present invention is directed to an apparatus and
method for preparing and dispensing a liquid deicer. The
apparatus and method allow deicer ingredients (also referred
to as deicer precursors) to be combined in an exothermic
reaction to produce a heated deicer. This mixing reaction
typically occurs at the location where the deicer will be used.
For example, potassium hydroxide and acetic acid can be
combined using the apparatus and method to make hot
potassium acetate for use as a deicer, such as to deice
runways at airports. The hot potassium acetate functions
primarily as a chemical deicer that depresses the freezing
point of water, thereby causing ice to melt at temperatures
below 0° C. However, the elevated temperature of the deicer
provides additional deicing effect.

In one implementation, the present invention includes a
first vessel configured and arranged for retaining and dis-
pensing an acidic liquid and a second vessel configured and
arranged for holding and dispensing an alkaline liquid. A
third vessel is configured and arranged for the mixing and
exothermic reacting of the acidic liquid and the alkaline
liquid. This mixing vessel has an input for the acidic liquid,
an input for the alkaline liquid, and an output for the heated
reaction product of the acidic liquid and the alkaline liquid,
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this reaction product being a liquid deicer. In addition, the
invention includes a liquid transfer mechanism, such as one
or more pumps, in communication with the first and second
vessels. This liquid transfer mechanism is configured for the
controlled transfer of the acidic liquid and the alkaline liquid
into the mixing vessel.

This system is shown generally in FIG. 1 and more
specifically in FIG. 2A. In FIG. 1, the system 10 is shown
with a tank 12 containing a deicer precursor (such as
potassium hydroxide or acetic acid). This tank 12 connects
to a mixing vessel 14. Another tank, not shown, containing
a different precursor would also connect to mixing vessel 14.
The two precursors mix in chamber 14 and then travel on to
an optional dispenser 16 that generally includes at least one
nozzle 18 used to spray the deicer onto a surface or object
that is to be deiced. In some implementations the nozzle is
at the end of a hose contained on a spool 19, which provides
greater flexibility in applying deicer to large objects or
surfaces. In certain embodiments the heated deicer formed
using the system is pumped up a boom in order to be sprayed
on elevated objects.

The various elements of this system are depicted sche-
matically in FIG. 2A. First, vessel 20 is configured and
arranged for retaining and dispensing an acidic liquid and
second vessel 22 is configured and arranged for holding and
dispensing an alkaline liquid. A third vessel 24 is configured
and arranged for the mixing and exothermic reacting of the
acidic liquid and the alkaline liquid. This mixing vessel 24
is connected by a liquid carrying line 26 (such as a hose or
pipe) to the first vessel 20 and by liquid carrying line 28 (also
a hose or pipe, for example) to second vessel 22. A liquid
transfer mechanism consisting of pumps 30 and 32 is used
to controllably move liquid deicer precursors from the two
vessels 20, 22 into the mixing vessel 24. This liquid transfer
mechanism is configured for the controlled transfer of the
acidic liquid and the alkaline liquid into the mixing vessel
24. After being mixed, liquid deicer flows out of the mixing
vessel and out a nozzle 31 as spray 33. In the embodiment
depicted in FIG. 2A this liquid moves through a hose 34, but
it will be appreciated that this hose is optional and other
ways of dispensing the liquid deicer are appropriate.

FIG. 2B shows an alternative embodiment of a system for
creating a heated deicer. This system is similar to the one
depicted in FIG. 2A, but contains one pump 27 rather than
the two pumps 30, 32. Although this system has just one
pump, the pump simultaneously pumps the two liquids
without mixing them together. Not until the liquids reach the
mixing vessel 24 do they come together to react and form the
liquid deicer. FIG. 2B also shows an additional tank 36. This
tank 36 contains a corrosion inhibitor that can be added to
the deicer so that the deicer is less corrosive to surfaces and
objects on which it is applied.

The two example apparatuses disclosed in FIGS. 2A and
2B represent two acceptable implementations of how an
apparatus can be constructed in accordance with the inven-
tion. However, various changes, additions, and subtractions
can be made from the two depicted apparatuses. For
example, various nozzle configurations are possible, and
some implementations do not even use a nozzle. Also,
various pressure release mechanisms may be added to the
mixing vessels, as well as control systems for regulating the
mixing of the two deicer precursors. Thus, FIGS. 2A and 2B
show examples of how the present invention may be prac-
ticed, but are not limiting in that regard.

One of the key elements of the present invention is the
mixing vessel. The mixing vessel can be, and typically is,
smaller than the primary chambers containing the unmixed
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acidic and alkaline liquids. The purpose of the mixing vessel
is not to retain large volumes of mixed deicer, but rather to
provide a temporary location in which the exothermic reac-
tion between the two ingredients can occur, after which the
resultant liquid deicer is applied to a surface. In most
implementations the mixing vessel or chamber is con-
structed to allow the highly exothermic acid-base reaction to
progress to completion or nearly to completion. It is impor-
tant that this reaction proceed to completion or near comple-
tion before the deicer is dispensed because it is normally not
desirable to have non-reacted precursors discharged from
the apparatus due to their corrosive natures.

The mixing vessel is generally constructed in a fashion
that allows it to withstand the high temperatures, and also to
withstand steam generated during the exothermic reaction.
Certain implementations require the mixing vessel to with-
stand pressures developed by the exothermic reaction, while
other implementations provide one or more vents or pressure
release valves to release this pressure. One way of handling
steam generated within the mixing vessel is to permit it to
escape or venting through a release valve. Another way of
handling the steam is to use it to force the mixed deicer
through an exit in the mixing vessel. In this manner the
steam and vapors can be used to generate pressure. Alter-
natively, the steam can be partially vented and partially used
to force the mixed deicer through the exit.

As noted above, the mixing vessel should have a con-
figuration that allows for the acidic and alkaline liquids to be
rapidly and safely mixed together. Numerous configurations
are within the scope of the present invention, including
elongate chambers, some of which can be formed of a long,
relatively narrow pipe. In some implementations the mixing
vessel contains one or more static mixing vanes. Alterna-
tively, a stirring means can be used, such as a rotating prop
or blade.

The invention covers numerous implementations in which
different vessel configurations are used. The vessel can be as
simple as the convergence of two pipes carrying deicer
precursors into a third pipe that will discharge the deicer
onto a surface, or can be relatively complex. In a first
embodiment, shown in FIG. 3A the vessel comprises a
substantially enclosed chamber 40 that has inputs 42, 44 and
an outlet 46. A release vent 48 is also depicted, the release
vent configured to permit the escape of excess pressure.
When such pressure is released, it typically includes the
release of steam along with incidental amounts of liquids.
However, in certain circumstances it is possible that larger
amounts of liquids will be released, in which case it is
desirable that the liquids comprise mixed deicer as opposed
to precursor ingredients. When a release vent is used it is
preferable that the vented gas or liquids be discharged away
from where persons are likely to be positioned. Thus the
optional release vent is often positioned at the end of the
chamber most distant from the input streams, thereby pro-
moting the thorough reaction of any incidentally discharged
materials.

An alternative embodiment is shown in FIG. 3B, where a
plurality of static fins 48 is positioned within chamber 40.
The static fins 50 promote the thorough mixing of the deicer
precursors by stirring the procurers together as they pass
through the chamber. The heat (and sometimes steam)
generated by the exothermic reaction of the precursors also
helps to promote movement and stirring of the ingredients.

In many implementations of the invention the acid liquid
and alkaline liquid are rapidly mixed together at one junc-
tion. However, in other implementations the reaction is
attenuated by slowly mixing the two liquids together. An
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example of how such gradual mixing can be accomplished
is shown in FIG. 3C, which has a chamber with a single
entrance for one liquid (either the acid or the alkaline liquid)
plus multiple entrances 54 for the other liquid. Thus, in some
implementations the apparatus includes a mixing vessel
having multiple inputs for the alkaline liquid. In other
implementations the mixing vessel has multiple inputs for
acid liquid. This gradual mixing approach is suitable for
various implementations, particularly when one of the ingre-
dients is highly concentrated.

Additional implementations are shown in FIGS. 4A, 4B,
and 4C, which depict long, narrow mixing chambers. Such
chambers can be constructed, for example, from segments of
stainless steel pipe. The chamber of FIG. 4A is long and
narrow, but without internal mixing vanes. Such implemen-
tations are suitable for circumstances where the length of the
chamber is long enough to have thorough mixing merely by
the turbulence generated within the chamber by movement
of the liquids and by the warming of the liquids as a result
of the exothermic reaction. In FIG. 4B a similar chamber 62
is depicted, but this chamber 62 also contains a rotating
stirrer 66 to promote mixing. FIG. 4C shows yet another
implementation with a chamber 64 having multiple mixing
vanes 68. These mixing vanes 68 are constructed so as to stir
the liquid as it passes through the chamber, thereby promot-
ing reaction.

An alternative means for mixing the acid and alkali deicer
precursors is by an impingement mechanism that directs
streams of the precursors together so that that they
adequately react. For example, two nozzles can be placed
adjacent to one another, one nozzle with an acid and one
with an alkali, and the streams from each nozzle are directed
toward each other to cause mixing of the precursors to form
aheated deicer. In such implementations a vessel or chamber
is not necessarily used to mix them, although it is possible
to impinge the two liquids within a chamber to promote
mixing.

As noted above, the invention typically includes a transfer
mechanism for moving the acid and alkaline liquids from
their storage containers into the mixing vessel or chamber.
In general such transfer mechanism will include one or more
pumps. However, gravity fed systems can also be used, as
can other systems that can move a regular, metered amount
of liquid from one tank into the other. The liquid transfer
mechanism can comprise a first pump connected to the first
vessel and a second pump connected to the second vessel.

Various acidic liquids are useful with the invention,
including, but not limited to, hydrochloric acid, formic acid,
adipic acid, sulfuric acid, maleic acid, acetic anhydride,
maleic anhydride, propionic acid, lactic acid and acetic acid.
One particularly desirable acidic liquid is acetic acid. Simi-
larly, various alkaline liquids are useful with the invention,
and include but are not limited to sodium hydroxide, calcium
hydroxide, magnesium hydroxide, potassium hydroxide,
ammonia, calcium oxide, magnesium oxide, calcium
hydroxide, and ammonium hydroxide. One particularly
desirable alkaline liquid comprises potassium hydroxide.
Normally from 25 to 75 percent concentrations of each
reactant can be used, but concentrations of 100% such as
glacial acid in some embodiments are contemplated.

The deicer produced using the present invention is typi-
cally a potassium acetate solution made from the mixing of
potassium hydroxide and acetic acid. Other deicers that can
be produced include, but are not limited to, ammonium
acetate, ammonium formate, ammonium propionate, sodium
acetate, sodium formate, sodium propionate, potassium for-
mate, potassium propionate, and potassium citrate.
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In most implementations it is necessary that the acidic and
alkaline materials be combined in acid/base equivalents,
which is typically equimolar quantities, to promote a com-
plete reaction of both materials. An excess of either com-
position can result in an undesirably corrosive deicer com-
position. The apparatus and method typically include one or
more aspects that promotes and ensures that proper amounts
of each precursor liquid (the acid and alkali) are added in
proper quantities. The primary manner in which such control
is maintained is typically by having a transfer mechanism
that accurately transfers the two (or more) precursors. Thus,
when one or more pumps are used they should be accurate
and reliable. It is desirable in some implementations to have
a single pump mechanism transfer both the acidic liquid and
the alkaline liquid, such as by having a single shaft drive two
piston pumps, one corresponding to each liquid. Having a
single pump mechanism is advantageous because it assures
that the two liquids will be pumped simultaneously. This
avoids inadvertent transfer of one liquid while the other
liquid is not being transferred.

Another aspect of the invention can include a controller
for regulating the transfer mechanism, the controller con-
figured to regulate the relative flows of acidic liquid and
basic liquid such that the reaction product leaving the
mixing vessel has a substantially neutral pH. Alternatively,
the controller can be configured to regulate the relative flows
of acidic liquid and basic liquid such that the reaction
product leaving the mixing vessel has a pH substantially
equal to the pH of a solution having the complete neutral-
ization of the acidic and basic liquids. In yet another
implementation the controller is configured to regulate the
relative flows of acidic liquid and basic liquid such that the
reaction product leaving the mixing vessel has a pH from
about 4 to about 11.

In some such implementations the apparatus includes a
sensor 70 for determining the concentration of the alkaline
liquid, the acidic liquid, or both. Also, in some implemen-
tations the apparatus includes a sensor and feedback loop
that shuts the system down when the mixing of the acid and
alkali are not complete. For example, a pH feedback loop
may be incorporated into certain implementations of the
system. This pH feedback loop measures the pH of the
deicer as it exits the apparatus, and the system shuts down
when the pH moves outside of desired parameters.

The apparatus of the invention normally also contains at
least one nozzle in liquid communication with the mixing
vessel, the nozzle configured to discharge the heated reac-
tion product of the acidic liquid and alkaline liquid. The
nozzle may include just one hole, or can include a plurality
of holes. In most implementations the reaction product is
discharged under pressure through this nozzle or nozzles,
and the pressure is developed at least in part by the reaction
of the acidic liquid and alkaline liquid.

In some implementations of the invention the deicer is
formed from a combination of precursors plus premixed
deicer. For example, the deicer can include the precursors
that are mixed together and then added to premixed deicer.
This implementation has the advantage of warming the
premixed deicer to a higher temperature, although typically
not to the temperature reached by using just the deicer
precursor materials.

In certain implementations corrosion inhibitors are added
to the deicer in order to prevent corrosion of objects that are
being deiced (such as airport runways) and surrounding
objects in the environment (such as iron reinforcements in
the concrete). Numerous suitable corrosion inhibitors are
appropriate for use with the present invention, and include
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phosphates, amines, nitrates, and silicates. These corrosion
inhibitors can be used individually or in combination with
one another. The inhibitors can be pre-added to the vessel
containing the acidic liquid, pre-added to the vessel con-
taining the alkaline liquid, or both. Alternatively, the corro-
sion inhibitor may be added to the acid/base mixture from a
tank containing the corrosion inhibitor by means of a
metering pump.

It is typically important to control the amount of each of
the liquids being mixed. Such controls can be accomplished
by having a static system that mixes preset amounts of the
liquids together based upon their original concentration.
Alternatively, sensors can be placed in the input flow
streams, the output stream, or both to measure the concen-
tration of incoming materials and outgoing materials to
assure that a proper mixture is obtained. Sensors providing
feedback with regard to the mechanical, electrical, thermal,
pH, conductivity or other properties of the liquid precursors
or the mixed deicer can be included. These sensors function
with the control system to ensure that adequate amounts of
precursors are safely mixed together properly and fully to
make a suitable deicer.

This deicing system can also be used on bridges or any
paved surface that requires deicing. Typically this deicing
system is used on a mobile basis, but can also be a stationary
system.

The present invention may be embodied in other specific
forms without departing from its spirit or essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope
of the invention is, therefore, indicated by the appended
claims rather than by the foregoing description.

We claim:

1. An apparatus for forming a heated liquid deicer, the

apparatus comprising:

a first vessel configured and arranged for retaining and
dispensing an acidic liquid, said first vessel containing
an acidic liquid comprising acetic acid;

a second vessel configured and arranged for holding and
dispensing an alkaline liquid, said second vessel con-
taining an alkaline liquid comprising potassium
hydroxide;

a mixing vessel configured and arranged for the mixing
and exothermic reacting of the acidic liquid and the
alkaline liquid, said mixing vessel having an input for
the acidic liquid comprising acetic acid, an input for the
alkaline liquid comprising potassium hydroxide, and an
output for the heated reaction product of the acidic
liquid and the alkaline liquid, said reaction product
comprising a liquid deicer containing potassium
acetate; and

a liquid transfer mechanism in communication with the
first and second vessels, said liquid transfer mechanism
configured for the controlled transfer of the acidic
liquid and the alkaline liquid into the mixing vessel.

2. The apparatus of claim 1, wherein the mixing vessel

comprises an elongate chamber.

3. The apparatus of claim 2, wherein the elongate chamber

comprises a pipe.

4. The apparatus of claim 1, wherein the mixing vessel

contains one or more static mixing vanes.

5. The apparatus of claim 1, wherein the mixing vessel

contains a stirring means.

6. The apparatus of claim 5, wherein the reaction product

is discharged under pressure developed at least in part by the
reaction of the acidic liquid and alkaline liquid.
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7. The apparatus of claim 1, wherein the mixing vessel
comprises an open chamber.

8. The apparatus of claim 1, wherein the mixing vessel has
multiple inputs for the alkaline liquid.

9. The apparatus of claim 1, wherein the mixing vessel has
multiple inputs for acid liquid.

10. The apparatus of claim 1, wherein the transfer mecha-
nism comprises a pump.

11. The apparatus of claim 1, wherein the liquid transfer
mechanism comprises a first pump connected to the first
vessel and a second pump connected to the second vessel.

12. The apparatus of claim 1, further comprising a con-
troller for controlling the transfer mechanism, the controller
configured to regulate the relative flows of acidic liquid and
basic liquid such that the reaction product leaving the
mixing vessel has a pH substantially equal to the pH of a
solution having the complete neutralization of the acidic and
basic liquids.

13. The apparatus of claim 1, further comprising a con-
troller for controlling the transfer mechanism, the controller
configured to regulate the relative flows of acidic liquid and
basic liquid such that the reaction product leaving the
mixing vessel has a pH from about 4 to about 11.

14. The apparatus of claim 1, further comprising a sensor
for determining the concentration of the alkaline liquid.

15. The apparatus of claim 1, further comprising a sensor
for determining the concentration of acid liquid.

16. The apparatus of claim 1, further comprising a pH
feedback loop.

17. The apparatus of claim 1, further comprising at least
one nozzle in liquid communication with the mixing vessel,
the at least one nozzle configured to discharge the heated
reaction product of the acidic liquid and the alkaline liquid.

18. The apparatus of claim 17, wherein the at least one
nozzle comprises a plurality of holes.

19. The apparatus of claim 1, further configured for the
injection of a corrosion inhibitor into the reaction product.

20. An apparatus for forming a heated liquid deicer, the
apparatus comprising:

a first vessel retaining and dispensing an acidic liquid

comprising acetic acid;

a second vessel holding and dispensing an alkaline liquid
comprising potassium hydroxide;

a means for mixing the acidic liquid and the alkaline
liquid, the means having an input for acidic liquid, an
input for alkaline liquid, and an output for the heated
reaction product of the acidic liquid and the alkaline
liquid, said reaction product comprising potassium
acetate; and

a liquid transfer mechanism in communication with the
first and second vessels, said liquid transfer mechanism
configured for the controlled transfer of the acidic
liquid and the alkaline liquid into the means for mixing.

21. The apparatus of claim 20, wherein the means for
mixing comprises an elongate chamber.

22. The apparatus of claim 20, wherein the means for
mixing comprising an impingement mixer.

23. The apparatus of claim 20, further comprising a
controller for controlling the transfer mechanism, the con-
troller configured to regulate the relative flows of acidic
liquid and basic liquid such that the reaction product leaving
the mixing means has a substantially neutral pH.

24. The apparatus of claim 20, further comprising a
controller for controlling the transfer mechanism, the con-
troller configured to regulate the relative flows of acidic
liquid and basic liquid such that the reaction product leaving
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the mixing means has a pH substantially equal to the pH of
a solution having the complete neutralization of the acidic
and basic liquids.

25. The apparatus of claim 20, further comprising a
controller for controlling the transfer mechanism, the con-
troller configured to regulate the relative flows of acidic
liquid and basic liquid such that the reaction product leaving
the mixing means has a pH from about 4 to about 11.

10
26. The apparatus of claim 20, wherein the reaction
product is discharged under pressure developed at least in
part by the reaction of the acidic liquid and alkaline liquid.
27. The apparatus of claim 20, further configured for the
injection of a corrosion inhibitor into the reaction product.



